Iraq experienced two devastating wars in 1991 and 2003, during which massive amounts of new weapons and sophisticated manufactured nuclear weapons called depleted uranium (DU) were used. DU is a by-product of the enrichment of natural uranium for nuclear reactor-grade or nuclear weapons-grade uranium. Depleted uranium is chemically identical to natural uranium. During the second Gulf war in 2003 U.S. and British troops used more than 1100 to 2200 tons of DU. As a consequence the ruminants of wars are reported to have seriously affected people and the environment, causing cancer and abnormal birth defects. The water and soil all over most of Iraq is contaminated. There is no strategy, national or international program for cleaning Iraq of DU wastes. Site selection criteria have been suggested for the disposal of radioactive waste but no principle of designing and constructing disposals. The present paper describes a large geological feature, a deep natural depression, which would be useful for isolating DU by isolating it in smectitic Iraqi clay.
Introduction
Iraq occupies a total area of 437,072 square kilometers ( fig. 1 ). The total population in Iraq is about 30,000,000. The majority of the people occupy cities on the banks of the Tigris and Euphrates Rivers.
Iraq experienced two devastating wars in 1991 and 2003, during which massive amounts of new weapons and sophisticated manufactured nuclear weapons were used, called depleted uranium (DU). Depleted uranium (DU) is a by-product of the enrichment of natural uranium for nuclear reactor-grade or nuclear weapons-grade uranium. Depleted uranium is chemically identical to natural uranium. In DU most of the 235 isotope has been extracted leaving mainly the non-fissionable 238 isotope. It is used to make the tips of armor-piercing shells because it is extremely dense: 1.7 times as dense as lead. In addition, unlike other heavy metals that tend to flatten or mushroom upon impact, DU has the ability to "self-sharpen" as material spread out by the impact ignites and burns off as the munitions pierces its target [1] [2] [3] .
In this research, the environmental implications of DU will be highlighted and solutions will be given to protect the environment in Iraq.
Depleted uranium in Iraq
DU was used twice by the Americans and allied forces against Iraqi troops and personnel in 1991 and 2003. During the second Gulf war in 2003 US and British troops have reportedly used more than five times as many DU bombs and shells as the total number used during the 1991 war for the invasion and occupation of Iraq . It was estimated that more than 1100 to 2200 tons of DU was used. This quantity is 400 to 800 more powerful than the ones used in the first Gulf war. According to Al-muqdadi [4] every 800 tons of DU is equivalent to 83 nuclear bombs. Hence the equivalent of about 250 nuclear bombs was dropped in the 2003 war.
Weyman [5] reported that the Uranium Medical Research Center published data about the quantities of DU used in Iraq can be summed up to consist of at least 2000 metric tons.
The exact location that had been contaminated extends from southern to northern Iraq ( fig. 2) .
In addition to the radioactive contamination due to military activities in Gulf war II and III, other dangerous contamination was from the material and equipment at the Iraqi Energy Authority headquarters ( fig. 2) . Tons of uranium in the form of "yellow cake" as well as by-products from processing activities in addition to radioactive waste stored in barrels. In other parts of the Iraqi Energy Authority headquarter centre, there were about 200 barrels of isotopes and radioactive materials as well as yellow uranium oxides; they were all spilled on the ground. If a strong wind blows, it can carry these quantities to great distances outside. To this comes the problem with breeding in laboratories of insects used as biological insecticides. The expected ecological disaster from releasing thousands of flies known as chrysomya bezziana, nicknamed screw worm, from the headquarters became real when the flies were released by the looters. These flies were to be released after being sterilized [5] .
Hall [6] stated that no place in Iraq is free from radioactive contamination, not even the "safe" Green Zone in Baghdad where military staff and civilian authorities, international journalists, and the Iraqi government live and work. Contaminated sites with DU in Iraq. Left: Military action sites [23] . Right: Bombed nuclear facilities.
Consequences of depleted uranium in Iraq
Following the invasion of Iraq in 2003, over 140,000 cases of cancer have been reported, which are believed to be caused by toxic weaponry used by the occupying troops [7, 8] .
Physical abnormality is increasing after the Gulf war where of 13,191 pregnancies among the partners of male Gulf vets, 686, or 5.2 percent, had some form of physical abnormality, compared with 342, or 3.5 percent, of the 9,758 non-Gulf pregnancies [9] .
Clean-up activities of contaminated areas in Iraq
Major areas of engagement in Operation Iraqi Freedom cover more than 300 sites all over Iraq. The soil as well as the military equipment in all these sites are believed to be contaminated by DU used by American and allied forces. Due to the abnormal high radiation rates in these sites and their effect on humans and environment, the Iraqi Government and the American and allied forces (coalition forces) carried out clean up and soil replacement activities.
A comprehensive survey has been made on the sites where coalition forces tried to clean [5] . The aim of this operation was to remove potentially contaminating soil from living and working areas and this activity showed that fine, contaminated dust is spreading over areas where there are at least 5,000,000 residents in Baghdad alone.
Ways of isolating solid waste

Principles and location
The two common principles of disposing hazardous waste are to construct landfills that are isolated by clay-based liners covering the waste mass and underlying it for separation from the groundwater, or to place the waste underground and isolate it from the surrounding rock or soil by clay or concrete. Both techniques are proposed for disposal of contaminated soil, DU weapon and ammunition and other military scrap. The most strongly contaminated waste, classified as low-level waste with a required time of isolation of 300 years, can preferably be placed in clay-isolated concrete vaults according to the Lithuanian, French and Spanish concepts. However, the climatic conditions in Iraq offer simpler and cheaper versions of the landfill concept than in Europe for disposing such waste. Thus, high temperature and very low precipitation make it possible to use thin top liners and to omit the bottom liner. Necessary overburden for providing sufficient effective pressure on the top liner and retarding hydration of it is easily prepared of desert sand. The fact the groundwater level is more than 100 m below the ground surface in the deserts of western and southern Iraq eliminates the risk of wetting of the waste from below.
A special case that we will describe in this document is the particularly good conditions for disposal of large amounts of solid waste like weapons, ammunition and vehicles in a deep depression in the western part of Iraq.
Site selection
Selection of a suitable site for locating a landfill a DU and military scrap requires that one considers its effect on humans, the environment, water resources, air, and soil as well as other utilities like transportation and power supply. In addition, the landfill should have sufficient capacity to meet the current and projected waste to be deposited within at least 10 years. A number of criteria have been proposed for landfill sitting [10] [11] [12] , the most important ones concerning:
 Distance from towns, airports, highways and public parks and recreation areas,  Depth to groundwater level,  Permeability of the underground (soil or rock),  Risk of flooding,  Nearness to surface water,  Discharge of water from the landfill, a matter of topography, -distance to protected areas or areas used for breeding animals,  Nearness to fault areas and karst terrain with sinkholes,  Seismicity especially for sites with nearby reservoirs,  Rainfall duration and intensity, temperature, humidity and wind speed and direction. The priorities of the above conditions will vary from one site to another. Specific criteria are usually recommended values and the combined function of two or more conditions must be considered.
Space-requiring DU waste
Most of the battered remnants of the Iraqi wars are radioactively contaminated. Despite the passage of two decades of the first war and 8 years of the second war these remains are still radioactive and residues are found in farm fields, along roads, near residential areas ( fig. 3) .
It is believed that there are three places in Iraq that can satisfy the above site selection criteria all of them being in desert terrain, which represents 60% of the total land area of Iraq. They are termed the Western deserts, Southern deserts and Al-Jazira deserts of which the latter is in northern Iraq ( fig. 4) , [13] [14] [15] . The proposed design of landfills in these areas is reported [16] [17] [18] [19] [20] worked out with special respect to the stability of the slopes of the top liners and overfill and to the present exogenic conditions including climate and seismicity. o [21] . The depression is most probably of karst origin developed within the limestones of the Ratga Formation (Eocene) and possibly in gypsum and anhydrite beds, causing collapse of the roof. The age of the depression is estimated to be Early-Late Pleistocene [21] . It is being proposed as a DU disposal site and would well be considered as a major candidate although it has been recommended to implement a comprehensive program for further assessing its suitability as well as that of the aforementioned landfills [22] . Satellite images of Umm Chaimin.
Hydrological conditions
Being located in desert terrain and containing no free water the Umm Chaimin depression is not hydrologically active and has probably been dried out since Tertiary time. Under prevailing climatic conditions it will remain dry for very long periods of time and most certainly for the required 300 years of isolation of DU-type waste from flowing groundwater. However, rain occasionally falls and placed waste materials must be shielded during placement and arranging the site to become a complete repository.
Proposed design principle
The final state of the Umm Chaimin deposition site would preferably involve complete filling of the whole depression with waste up to 5-10 m below the ground level of the surrounding terrain and with the waste being covered by lowpervious clayey material up to this level. The top of this layer should have a conical shape and be covered by a conformable coherent slab of on-site cast cement-poor concrete. The concrete is in turn covered by a "top liner" of a few decimetres of expandable clay mixed with sand over which a filter of silt/sand is placed. The uppermost part of the whole series of barriers is a several meter thick erosion-protective layer of coarse gravel and blocks. The top of the whole depression would thus form a hill with a height of some tens of meters over the surrounding terrain in its central part so that rain is drained off through the uppermost erosion-resisting layer to the surrounding desert sand. The movement of infiltrated rain water in the clayey top liner below the erosion protection will be of cyclic type with evaporation in dry periods and temporary hydration in wet periods. For preserving the microstructural constitution during such cycles the granulometry shall be selected so that no expansion or shrinkage can take place. For maximizing the isolating function, expandable clay is preferably placed on the slopes of the depression and between layers of waste material in the course of the waste filling operation. This will delay hydration of the waste by many tens of thousands of years even if the groundwater level is raised up to the present ground level. Care has to be taken to shield filling materials and waste from rain in the repository construction phase, which can be very long.
Conclusions
During the first Gulf war in 1999, 300 tons of depleted uranium was used. In 2003 Gulf war it is believed that another 1000 to 2000 tons of DU accumulated. Remnants of DU weapons used in 1991 and 2003 wars constitute a major threat to the environment and including humans, animals and plants.
The cheapest technique to get rid of the contaminated radioactive military scrap waste is to bury it. The climatic, hydrological and geological conditions make the deserts in the western, northern and southern parts of the country suitable for the deposition of DU-contaminated soil and wrecked armor. It is proposed, that the waste should be brought from the fifteen sites that are most heavily contaminated by DU to a small number of disposal sites in the western, northern and southern deserts areas. These disposal sites can be of different size depending on the amount and type of waste. Umm Chaimin depression in the western desert seems to be a very good suitable candidate site for burying radioactive military waste.
Public awareness program should be launched about the potential risks and to introduce protection measures, including warning signs and restricting access to contaminated locations and storage sites. A well planned system for transport and disposal of DU and other war-related radioactive waste is a must for Iraq.
